The review describes the distribution of surface flavonoids in Bulgarian plants. More than 100 species of Asteraceae, Lamiaceae, Scrophulariaceae, Geraniaceae and other families have been checked for external flavonoid aglycones. The flavonoid profiles of Asteraceae species are composed of a wide array of flavones and flavonols, mainly based upon 6-substituted derivatives. Flavone aglycones are predominant in the exudates of Lamiaceae species. Apigenin, luteolin and their derivatives were most commonly found in the studied species of Scropulariaceae and Lamiaceae. It has been shown that species of Geraniaceae, Ranunculaceae, and Solanaceae contain flavonoids of the flavonol class as surface constituents. Surface distributed flavonoids appear to have been well studied and useful for chemotaxonomy. If there is not too much infraspecific variation, flavonoid profiles can be used as taxonomic characters to distinguish species. Correlations between external flavonoid formation and local environment are apparent.
Flavonoids that are accumulated on the plant surface are known as surface, lipophilic external, epicuticular or exudate flavonoids. During the recent decades comprehensive reviews of the distribution of surface flavonoids in plants have been made [1] [2] [3] [4] [5] [6] . The surveys concern mainly families of Angiosperms. Among them, species of Asteraceae and Lamiaceae are the richest in external flavonoids. Surface flavonoids are produced preferentially by plants exhibiting secretory structures or originating from arid and semi-arid habitats or the Mediterranean region. The present study summarizes the data about distribution of external flavonoids in Bulgarian plant species. More than 100 species of Asteraceae (Achillea L., Tanacetum L., Artemisia L.), Lamiacaeae (Salvia L., Ajuga L., Lamiastrum Heist. ex Fabr), Scrophulariaceae (Veronica L., Pseudolysimachion Opiz, Odontites Ludwig) Geraniaceae (Geranium L.) and other families have been checked for surface flavonoids. We used graphic models for presentation of the distribution of surface flavonoids in the studied species. In this way the content and structural diversity of flavonoids in one genus, as well as between different genera and families are evaluated more rapidly and easy.
In the presented figures (1) (2) (3) (4) (5) (6) , the identified flavonoids are divided into two main groups according to flavonoid class -flavones and flavonols. Each class is divided into three subgroups, according to the type of substitution. The first group is represented by simple structures (apigenin, luteolin, kaempferol, quercetin); the second one includes flavonoids with substitution on the sixth position, and the third group is the flavonoids with other types of substitution. The percentages are calculated as the number of flavonoids from a definite group, referred to the total number of all flavonoids identified in the studied species.
A group of eighteen Achillea (Asteraceae) species, spread throughout Bulgaria, have been studied for their surface flavonoid profiles. The studied species are from section Millefolium: A. millefolium L.,
The distribution of identified flavonoids in the studied Achillea species is presented in Figure 1 and Table 1 . Flavonols with substitution on the sixth position are the predominant compounds (57%) compared to the corresponding flavones, which form 25% of the total. Flavonoids lacking 6-substitution are very rarely accumulated -approximately 9% for simple flavonoids and a similar amount for flavonoids with other types of substitution. The main flavonoids of the exudates of Achillea species are 6-hydroxykaempferol 3,6-dimethyl ether, quercetagetin 3,6,4'-trimethyl ether and quercetagetin 3,6,3'-trimethyl ether [7] [8] [9] [10] [11] . Infraspecific variations of Achillea species' flavonoid profiles are often notable. However, in most cases, the differences refer to the quantitative flavonoid composition, which is assumed to be related to the adaptation of the plants to the local environment [12] . It has been observed that the alpine taxa, such as A. clusiana, show a high degree of infraspecific variability [13] , while a low degree has been observed in the exudates of A. depressa [14] . [15] .
The flavonoid profiles of Artemisia species are quite complex. All studied species share a preference for 6-substituted flavonoid formation -respectively 24% and 32% of all identified flavonoids ( Figure 2 , Table 1 ). Also methyl substitution at either the 7-or 7,3'-positions appeared to be a common trend in flavonoid accumulation. Each species has a distinctive flavonoid profile. Comparison of the flavonoid profiles of 40 populations of A. vulgaris indicates the presence of three infraspecific flavonoid chemotypes: the chrysosplenetin (quercetagetin 3,6,7,3'-tetramethyl ether) chemotype, the artemetin (quercetagetin 3,6,7,3',4'-pentamethyl ether) chemotype, and a chemotype without these two compounds. A relationship between the qualitative flavonoid composition and environmental conditions has not been found [17] . However, it has been noted that the differences in the quantitative flavonoid composition of A. vulgaris are related to environmental pollution. The synthesis of the main flavonoid, quercetin 3,7,3'trimethyl ether, has been influenced positively by environmental pollution [18] . Five species of the genus Tanacetum (Asteraceae), covering the two sections of Tanacetum and Pyrethrum, have been examined for their surface flavonoid constituents. The studied species were:
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Natural Product Communications Vol. 1 (11) 2006 1031 section Tanacetum: T. vulgare L. and T. millefolium (L.) Tzvel.; and section Pyrethrum: T. parthenium (L.) Schultz-Bip., T. corymbosum (L.) Schultz-Bip. and T. macrophyllum (W. et K.) Schultz-Bip. The major accumulation trend is represented by the presence of six-substituted flavonoids in the exudates ( Figure 3 , Table 1 ). The flavones and flavonols substituted at position six occur in about equal amounts in the studied species, respectively 30% and 39% of all identified flavonoids. Simple flavones are also often observable (14%). The most common compounds are luteolin, 6-hydroxyluteolin 6-methyl ether (nepetin), 6-hydroxyluteolin 6,3'-dimethyl ether (jaceosidin) and queretagetin 3,6-dimethoxy ether (axillarin) [11] . Surface flavonoids of the species from section Tanacetum are mainly methyl ethers of the flavones, while those of species from section Pyrethrum are methyl ethers of flavonols. This is a good flavonoid marker for distinguishing the species from the two sections. This result is consistent with the observation by Williams [19] .
Data about infraspecific variability in flavonoid composition in the studied species are limited and only concern T. vulgare. The degree of flavonoid variation is quite low. The alpine populations are richer in surface flavonoids than the populations from lower altitude [20] . (Figure 4 , Table 1 ). Apigenin, luteolin and salvigenin (scutellarein 6,7,4'trimethyl ether) are the most frequently encountered flavonoids in the studied species, as well as 6,7-dimethyl ether (cirsiliol), and 6,7,3'-trimethyl ether of 6-hydroxyluteolin (cirsilineol).
Flavonols are found only in S. glutinosa and S. ringens. The three main flavonols were identified as quercetin 3-methyl ether, 3,7,3'-trimethyl ether (pachypodol) and kaempferol 3-methyl ether (isokaempferide). A low degree of infraspecific variability in flavonoid composition is found and most of the species can be distinguished by their flavonoid profiles. In many cases, flavonoid composition correlates well with the morphological characters [21, 22] .
Other Lamiaceae species checked for surface flavonoids were two species of Ajuga (A. genevensis L. and A. reptans L.), and Glechoma herbaceae L. The general flavonoid components of the studied species were methyl ethers of flavones. Apigenin and luteolin were basic flavonoids [23] . [24] . It has been observed by means of TLC and HPLC quantitative analysis [25, 26] that the alpine populations of the V. chamaedrys group accumulate more flavonoids than the lower altitude populations.
Nikolova and Ivancheva
Infraspecific variability in the V. chamaedrys group exudates is quite high, reflecting morphological and cytological plasticity. Morphologically, V. vindobonensis is different from V. chamaedrys, mainly by the presence of more glandular hairs. Comparing the flavonoid composition of the V. chamaedrys group populations situated at the same altitude, it has been observed that the samples of V. vindobonensis accumulate greater amounts of flavonoid aglycones than V. chamaedrys and this correlates positively with more glandular hairs in V. vindobonensis [26] . These results confirmed the correlation between surface flavonoids and glandular hairs [1] . Despite the observed infraspecific variations, the exudate profiles of Veronica appeared to be characteristic for some closely related groups within the genus [24] . A survey has been made of the aerial parts of 11 species of the genus Geranium (Geraniaceae) for the presence of external flavonoids: G. sylvaticum L., G. palustre L., G. caeruleatum Schur, G. columbinum L., G. sanguineum L., G. rotundifolium L., G.
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1034 Natural Product Communications Vol. 1 (11) 2006 Nikolova and Ivancheva pyrenaicum Burm. Fill.; section Lucida: G. lucidum L., G. macrorrjizum L., G. robertianum L., and G. reflexum L. Flavonoids of the flavonol type were established as the main surface constituents ( Figure  6 , Table 1 ). In conclusion, the flavonoids of Asteraceae species are mainly 6-substituted derivatives exhibiting a considerable degree of methylation. Flavone derivatives are predominantly flavonoids in Lamiaceae species, but polymethylated flavonoids are less abundant compared with the species of Asteraceae. As a whole, Lamiaceae species contain a much smaller variety of surface flavonoids. The species studied of Scropulariaceae produce only flavones, mostly simple structures such as apigenin and luteolin. Methylated flavonoids have a rare occurrence. Flavonols are the main flavonoid components of the Geraniaceae, as well as of the Ranunculaceae and Solanaceae species studied. These results lead to the adoption of the view that the presence of polymethylated flavonoids, especially at position six, are considered as advanced characters in flavonoid evolution, whereas flavonols are present in the more primitive families.
Generally, the degree of infraspecific variation in flavonoid profiles is quite low. The differences in surface flavonoids are mostly quantitative, which assumes to be related to adaptation of plants to the local environment. Alpine habitats and xeric conditions in general are factors favorable for flavonoid synthesis and accumulation. At the same time, the specific exudate profiles of some closely related groups demonstrate the significance of these compounds as chemotaxonomic markers. The flavonoid profiles are characteristic for different species and can be used as a tool for distinguishing them.
Experimental
External flavonoids were obtained by quick dipping of undamaged plant material in non-polar solvents, such as acetone or chloroform. The residues obtained after evaporation of the solvent were dissolved in methanol and passed through a column of Sephadex LH-20, eluting with methanol to separate the flavonoids from the terpenoids [8, 11, 16, 17, 21, 22, 24] . The components of the flavonoid fraction were identified, by direct comparisons with authentic markers, by either TLC on silica gel and polyamide [23, 24] or HPLC [16, 21, 26] . In some cases, individual flavonoids could be isolated by means of column chromatography and preparative TLC. Their UV and MS data confirmed their identifications [28] . Using these standard procedures, the species were analyzed for their flavonoid composition.
